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Differences in the clinico
pathological features of
pancreatic head carcinoma in dorsal and ventral
pancreas
A single institution retrospective review
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Abstract
The embryonic development of the pancreas originates from dorsal and ventral anlagen, and the pancreatic cancer arising from
dorsal or ventral pancreas may have different clinical pathology features. This study aims to explore whether there are differences in
clinicopathological features and prognosis of pancreatic head carcinoma arising from dorsal or ventral pancreas.
Between January 2014 and February 2018, 101 patients with resectable pancreatic head cancer who underwent

pancreaticoduodenectomy in our institution were retrospectively reviewed. The patients were assigned into 2 groups according
to tumor location on preoperative imaging materials (computed tomography/magnetic resonance imaging [CT/MRI]), and the
clinicopathological features and prognosis were retrospectively analyzed in view of the embryonic development of the pancreas.
Among these patients with pancreatic head cancer, 42 patients had tumors arising from dorsal pancreas (D group) and 59 patients

had tumors arising from ventral pancreas (V group). The frequency of lymph node (LN) metastasis around the common hepatic artery
(CHA) and hepatoduodenal ligament lymph nodes in the D groupwas higher than that in the V group (45.2% vs 10.2%, P= .001). And
the rate of LN metastasis in the superior mesenteric artery (SMA) region in the V group is higher than that in the D group (32.2% vs
4.8%, P= .002). The D group was more likely to invade the common bile duct (78.6% vs 59.3%, P= .042) and duodenum (71.4% vs
44.1%, P= .006) than the V group. In addition, the survival outcome of V group was better than D group (median overall survival [OS],
15.37 months vs 10.53months, P= .048, median DFS 9.73 months vs 5.93 months, P= .046).
The clinicopathological features of pancreatic head carcinoma arising from dorsal or ventral pancreas are different, and the

pancreatic head carcinoma arising from ventral pancreas has a better survival outcome.

Abbreviations: CBD = common bile duct, DFS = disease-free survival, GDA = gastroduodenal artery, LN = lymph node, OS =
overall survival, PP = polypeptide, PV = portal vein, SMA = superior mesenteric artery, SMV = superior mesenteric vein, WD =
Wirsung duct.
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1. Introduction

Pancreatic cancer is a highly malignant tumor of the digestive
system, with a 5-year survival rate of approximately 7% to 8%,
which is the third most common cause of cancer-related
death around the world.[1,2] At present, radical surgery still
remains the best treatment modality for patients with
pancreatic head cancer to get a cure and long-term survival.[3,4]

Although great progress has been achieved in surgical treatment
of pancreatic cancer in recent years, as evidenced by the
dramatically decreased perioperative mortality rates and
incidence of postoperative complications, the prognosis of
patients with pancreatic head cancer is still poor, with the 5-
year overall survival (OS) after curative resection <20%.[5]

Most patients will relapse or metastasize after surgery in 1 to 2
years, mainly due to the remaining tumor cells from lymph
node metastasis, perineural invasion, or local invasion.[6,7]

However, because of the complexity of the anatomical
structures around the pancreas, the lymph node metastasis
and nerve invasion patterns in pancreatic head cancer remains
unclear.
From the perspective of embryonic development, the head of

the pancreas is composed of the dorsal and ventral primordium.
During development, due to changes in the position of the
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Figure 1. Embryonic development of pancreas. The ventral pancreatic bud rotates to the dorsal side and fuses with the dorsal pancreatic bud to form a single
pancreas.
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stomach and duodenum and uneven growth of the intestinal wall,
the ventral pancreatic bud rotates to the dorsal side and fuses
with the dorsal pancreatic bud to form a single pancreas. The
dorsal pancreatic bud gradually forms the ventral part of the
pancreatic head, the pancreatic neck, the pancreatic body,
and the tail of the pancreas, while the ventral pancreatic bud
forms the dorsal part of the pancreatic head and the pancreatic
uncinate (Fig. 1).[8–10] Although pancreatic head cancers
arising from dorsal or ventral pancreas have different embryonic
origins, the surgical approach is generally performed in a similar
manner. The nerve fiber distribution and lymphatic continuities
in the head of the pancreas are different between the dorsal and
ventral primordium,[11] and the pancreatic cancer arising from
dorsal or ventral pancreas may have different clinical pathology
features. If the surgery is performed differently according to the
embryonic differencemaymake the region of LNdissectionmore
adequate and make surgery less invasive and maybe more
curative.
Figure 2. The flowch
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However, to the best of our knowledge, there is still no
consensus on clinicopathological features and prognosis between
the pancreatic head cancer arising from dorsal or ventral
pancreas. In our study, we retrospectively investigated the
detailed data of patients with pancreatic head cancer who
underwent radical surgery, and then analyzed the clinicopatho-
logical features and prognosis of the 2 groups.

2. Patients and methods

2.1. Patients selection

This study was a retrospective analysis of patients who were
diagnosed pancreatic head ductal carcinoma at West China
Hospital of Sichuan University from January 2014 to February
2018, and all final diagnoses were confirmed by pathologic
examination. A total of 109 patients who underwent radical
pancreaticoduodenectomy (PD) were included in this study, and
8 patients were excluded due to lost follow-up (Fig. 2).
art of this study.



Figure 3. A, Photograph of a resected specimen immunohistochemically stained for PP. The ventral pancreas was clearly stained, but the dorsal pancreas was
not. a, CT scan image corresponding to A. The head of the pancreas was divided into the ventral and the dorsal pancreas by the line linking the PV (SMV) and the
anterior edge of the intrapancreatic bile duct. Green dotted line on the photograph and the CT scan image indicates the boundary line between the dorsal and the
ventral pancreas.[14] CBD=common bile duct, GDA=gastroduodenal artery, SMA=superior mesenteric artery, SMV=superior mesenteric vein, WD=Wirsung
duct.
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2.2. Grouping method

The pancreas is formed by the fusion of the dorsal and ventral
pancreas, and there are differences in the cell composition of the
dorsal and ventral pancreas. The islets in the dorsal pancreas are
round or oval, containing about 20% alpha cells, 60% to 70%
beta cells, and 10% gamma cells, but they contain few pancreatic
peptide cells. The ventral pancreatic islets morphology are
irregular, containing less alpha cells, beta cells, and gamma cells
than dorsal pancreas, but there are significantly more pancreatic
polypeptide cells than dorsal pancreas.[12,13] Pancreatic polypep-
tide cells can secrete pancreatic polypeptide (PP), so immunohis-
tochemical staining for an anti-pancreatic polypeptide can be
performed to discriminate between the ventral and dorsal pancreas
because of the difference in the amount of PP. Some previous
studies have found that comparing the results of immunohisto-
chemical staining with computed tomography (CT) scans of the
pancreas can find out the approximate boundary of the dorsal and
ventral pancreas on the CT scans.[14] The boundary is the line
linking theportal vein (PV)/superiormesenteric vein (SMV)and the
anterior edge of the intrapancreatic bile duct, the ventral pancreas
is located in the dorsal region of this dividing line, while the dorsal
pancreas is located in the ventral region[11,14] (Fig. 3).
In the present study, CTwas mainly used to divide patients into

2 groups as follows: D group (80% of the tumor located in the
dorsal pancreas), and V group (80% of the tumor located in the
ventral pancreas). The grouping work is done independently by 2
doctors. When the grouping opinions are different, another
doctor will do the grouping work again, and final result is decided
by the 3 doctors through consultation. We manually measured
the tumor area on both sides of the line connecting the PV/SMV
and the anterior margin of the intrapancreatic bile duct at each
layer of the CT portal vein phase, and multiplied by the layer
thickness (2mm) to obtain the tumor volume of each layer. Then
the tumor volume of each layer is superimposed to obtain the
tumor volume on both sides of the dividing line. Finally, we
divided the patients into group D or group V based on the mainly
tumor body (>80% of the tumor volume) located in the dorsal or
ventral pancreas (Figs. 4 and 5).
3

2.3. Surgical procedures and histopathological
assessment

All patients underwent standard PD with standard regional
lymphadenectomy or enlarged regional lymphadenectomy, and
all excised lymph nodes are grouped for pathological examina-
tion. PV/SMV resection and reconstruction was performed in
patients with possible or definitive tumor invasion. During the
operation, the stump of pancreas was subjected to frozen-section
diagnosis. If the stump was diagnosed as adenocarcinoma,
additional resection of the pancreas or conversion to total
pancreatectomy was performed.

2.4. Follow up

All patients included in this study were regularly followed up
through our outpatient system and telephone, and follow-up
assessments included ultrasonography, abdominal CT, and
tumor biomarker tests at each visit. If obvious clinical symptoms
and signs were observed or tumor recurrence andmetastasis were
suspected, the patients were readmitted for more systematic
examinations and tests. Patients who could not be followed up
through the outpatient system or telephone were considered to be
lost follow-up. The primary follow-up endpoint was patient
death, and the secondary follow-up endpoint was tumor
recurrence. The follow-up deadline was March 2020, 9 patients
were lost to follow-up, with a follow-up rate of 91.1%.

2.5. Statistical analysis

Continuous variables were presented as median (range) and were
analyzed using Student t test or Mann–Whitney U test.
Categorical variables were expressed as numbers and percentages
and were compared by Pearson Chi-squared test and Fisher exact
test. Survival was estimated using the Kaplan–Meier method
compared by the log-rank test. P< .05 was considered statisti-
cally significant in all analyses. The Statistical analysis was
carried out with the SPSS version 23.0 (IBM Corp. Released
2015. IBM SPSS Statistics for Windows, Armonk, NY: IBM
Corp.).
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igure 4. The CT scan image of pancreatic head cancer arising from dorsal pancreas. The mainly tumor body located in the dorsal pancreas. CBD=common bile
uct, PV=portal vein, SMV=superior mesenteric vein.
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All procedures performed in studies involving human
participants were in accordance with the ethical standards of
the institution and national research committee and with the
1964 Helsinki declaration and its later amendments or
comparable ethical standards.
3. Results

A total of 101 pancreatic head duct adenocarcinoma patients
were included in this study, including 42 cases in the D group and
Figure 5. The CT scan image of pancreatic head cancer arising from ventral pancre
duct, PV=portal vein, SMV=superior mesenteric vein.
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59 cases in the V group. The demographics of all patients and
preoperative serum parameters are shown in Table 1. Among
these patients, the median age was 55years (range, 30–77years),
including 64 male patients (63.4%) and 37 female patients
(36.6%), the male to female sex ratio was 1.7:1. There was no
significant difference between the 2 groups of patients in smoking
history, drinking history, hypertension, diabetes, pancreatitis,
and other common inducements and past history. Preoperative
tumor markers such as carcinoembryonic antigen and carbohy-
drate antigen 19–9 were not significantly different between the 2
as. The mainly tumor body located in the ventral pancreas. CBD=common bile



Table 1

Demographics and preoperative serum parameters of patients with pancreatic head cancer.

D Group V Group

Characteristics n=42 n=59 P value

Age, y 54.5 (30–77) 56 (34–77) .715
BMI, kg/m2 22.22 (16.3–42.6) 21.71 (16.6–29.6) .610
Smoking 13 (31.0%) 26 (44.1%) .182
Drinking 14 (33.3%) 26 (44.1%) .277
Hypertension 5 (11.9%) 9 (15.2%) .631
Diabetes 9 (21.4%) 8 (13.6%) .298
Dilation of MPD 24 (57.1%) 40 (68.7%) .273
Dilation of CBD 29 (69.0%) 37 (62.7%) .510
CA19–9, U/mL 275.7 (0.6–1000) 199.8 (0.6–1000) .301
CA125, U/mL 18.59 (1.7–101.3) 19.09 (1.1–199.8) .689
CEA, ng/mL 3.68 (1.16–22.75) 3.24 (0.72–13.82) .202
AFP, ng/mL 2.96 (1.1–11.0) 3.27 (0.9–13.4) .301
TB, mg/dL 128.1 (7–590) 97.3 (5–490) .804
ALT, U/L 125.0 (15–897) 146.0 (6–912) .497
AST, U/L 74.0 (16–621) 98 (15–580) .893

AFP= alpha-fetoprotein, ALT=glutamate pyruvic transaminase, AST= aspartate aminotransferase, BMI=body mass index, CBD= common bile duct, CEA= carcinoembryonic antigen, MPD=main pancreatic
duct, TB= total bilirubin, UICC=Union for International Cancer Control.

Wang et al. Medicine (2021) 100:22 www.md-journal.com
groups, and there was no significant difference in liver function
indexes between the 2 groups.
Surgical information and pathological characteristics are

shown in Table 2. All patients with pancreatic head cancer
underwent radical pancreaticoduodenectomy, of which 61
(60.4%) patients underwent standard lymphadenectomy and
40 patients (39.6%) underwent extended range lymph node
Table 2

Surgical information and pathological characteristics of patients wit

D Group

Characteristics n=42

Surgical information
Standard lymphadenectomy 27 (64.3%)
Extended lymphadenectomy 15 (35.7%)
Blood lose, mL 650 (200–2100)
Blood transfusion 7 (16.7%)
Postoperative complications

∗
12 (28.6%)

Positive surgical margin† 3 (7.1%)
Postoperative chemotherapy 15 (35,7%)

Tumor factors
Tumor size, cm‡ 3.15±0.83
Vascular invasion positive 14 (33.3%)
Perineural invasion positive 37 (88.1%)
Lymph node invasion positive 24 (57.1%)
LN8, LN12 invasion positive 19 (45.2%)
LN14 invasion positive 2 (4.8%)
LN16 invasion positive 12 (28.6%)
Bile duct invasion positive 33 (78.6%)
Duodenal invasion positive 30 (71.4%)
Serosal infiltration positive 28 (66.7%)

Pathological UICC stage
Ia 2 (4.8%)
Ib 12 (28.6%)
IIa 3 (7.1%)
IIb 15 (35.7%)
III 10 (23.8%)

∗
Including pancreatic fistula, postoperative hemorrhage, intra-abdominal infection, pulmonary infection.

† Positive surgical margin was defined as tumor cell infiltration within 1mm of the margin.
‡ Value is mean± standard deviation (SD).
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dissection. It’s comparable between the 2 groups in surgical
method, lymph node dissection range, intraoperative blood loss,
postoperative complications, etc. For pathological factors, the
tumor size in the D group was larger than in the V group
(P= .005). There were no differences between the 2 groups with
respect to several pathological tumor factors including tumor
stage, vascular invasion, nerve invasion rate, lymph node
h pancreatic head cancer.

V Group

n=59 P value

34 (57.6%) .500
25 (42.4%) .500
730 (200–2250) .887
12 (20.3%) .642
18 (30.5%) .461
2 (3.4%) .647
19 (32.2%) .713

2.72±0.66 .005
22 (37.3%) .683
52 (88.1%) .995
31 (52.5%) .647
6 (10.2%) .001
19 (32.2%) .002
13 (22.0%) .453
35 (59.3%) .042
26 (44.1%) .006
47 (79.7%) .141

.504
1 (1.7%)
25 (42.4%)
2 (3.4%)
21 (35.6%)
10 (16.9%)

http://www.md-journal.com
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metastasis rate, etc. However, the frequency of LNs metastasis
around common hepatic artery CHA (LN 8) and hepatoduodenal
ligament (LN12) lymph nodes in the D group was higher than
that in the V group (45.2% vs 10.2%, P= .001). And the rate of
LNs metastasis in SMA (LN 14) region in the V group is higher
than that in the D group (32.2% vs 4.8%, P= .002). Besides, the
D group was more likely to invade the common bile duct (78.6%
vs 59.3%, P= .042) and duodenum (71.4% vs 44.1%, P= .006)
than the V group.
3.1. Survival analysis

In this research, a total of 101 (91.1%) patients with pancreatic
head cancer have completed the follow-up, with a median
survival time of 13.90 months (95% CI: 11.93–15.87) and a
median disease-free survival time of 8.30 months (95% CI: 5.82–
10.78). The V group had a longer postoperative survival time and
disease-free survival time than the D group (OS: 15.37months vs
10.53months, P= .048; DFS: 9.73 months vs 5.93months,
P= .046). Cumulative survival curves of pancreatic head cancer
patients were illustrated in Fig. 6.

4. Discussion

The present study suggested that pathological features and
prognosis of pancreatic head carcinoma differed according to the
site of cancer occurrence in view of the embryological
development of the pancreas.
Lymph node metastasis is one of the most important causes of

pancreatic head cancer recurrence andmetastasis.[6]However, due
to the complexity of the anatomical structure around the pancreas,
themechanismof lymphnodemetastasis in pancreatic head cancer
is still unclear. There are 2main routes of lymphatic drainage in the
pancreatic head area, the lymphatic vessels in the upper part of the
pancreatic head merge into the anterior and posterior pancrea-
ticoduodenal lymph nodes, and then into the inferior pyloric and
hepatic lymph nodes. The lymphatics vessels in the lower part of
the pancreatic head merge into the anterior and inferior
pancreaticoduodenal lymph nodes, and then into the superior
mesenteric lymph nodes.[15–17] If the lymph node metastasis of
pancreatic head cancer follows the lymphatic drainage path, the
tumors arising from dorsal or ventral pancreas may have different
Figure 6. Comparison of survival outcome between dorsal and ventral pancreatic
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ways of lymph node metastasis. Kitagawa et al[18] found out that
LNs metastases are limited to LN 8 and LN 12 when a tumor is
almost entirely confined to the dorsal pancreas, and LNs
metastases are limited to LN 14 when a tumor is almost entirely
confined to the ventral pancreas. Okamura et al[11] also got similar
result, they found out that LN8 and LN12 lymph nodesmetastasis
occurs more frequently when the tumor is located in the dorsal
pancreas, although P> .05 (P= .113, P= .069).
In this study, the results are partially consistent with the

lymphatic drainage pathway in the pancreatic head area. The
frequency of LNs metastasis around CHA (LN 8) and hepato-
duodenal ligament (LN12) lymph nodes in theD groupwas higher
than that in the V group, and the rate of LNs metastasis in SMA
(LN 14) region in the V group is higher than that in the D group.
But the tumor arising from dorsal or ventral pancreas may
metastasize to the lymph nodes LN8, LN12, or LN14, this lymph
node metastasis does not completely follow the path of lymphatic
drainage. This difference possibly results from several possible
reasons. Firstly, the natural course of pancreatic head tumors is
mostly asymptomatic, so they were usually diagnosed in a late
stage of local advancement. Thus, in this stage of tumor lymphatic
channel invasion and its occlusion is highly possible, which may
change the lymphatic drainage.[15] And the lymphatic drainage of
the pancreatic head area is very complicated, the above-mentioned
lymphatic drainage pathway may not be the only one. Besides,
some previous studies have confirmed the existence of the skip
metastases phenomenon in pancreatic head cancer.[19,20] It can be
seen that the lymph node metastasis mode of pancreatic head
cancer is different in different regions, so more attention should be
paid to lymph node dissection in the corresponding area when
performing radical surgery.
In terms of local invasion around the pancreatic head,

pancreatic head cancer arising from dorsal pancreas had a
higher invasion rate in the common bile duct than that arising
from ventral pancreas. Pancreatic head cancer often invades the
common bile duct in an early stage, and even in patients with
small tumor <2cm in diameter.[21] This is usually not the
adjacent cancer tissue directly affecting the common bile duct but
the metastatic infiltration of the tumor through the lymphatic
vessels. And the tumors arising from dorsal pancreas is more
likely to invade the lymphatic vessels, so they have a higher
invasion rate in the common bile duct.[11] Moreover, the tumors
head cancer. (A): for overall survival (OS); (B): for disease-free survival (DFS).
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arising from dorsal pancreas were more likely to invade the
duodenum than that from ventral pancreas. The dorsal pancreas
often has a larger contact area with the duodenum than ventral
pancreas, and the tumor in ventral pancreas can also growth
towards the back of the pancreas. So the pancreatic head cancer
arising from dorsal pancreas had a higher invasion rate in the
duodenum. Therefore, for patients with pancreatic head cancer
planning to undergo radical surgery, the location of the tumor
should be judged according to the imaging results before surgery.
When the tumor is located in the dorsal pancreas, more attention
should be paid to the possible invasion of common bile duct and
duodenum, and whether the surgical margin is positive.
Finally, in terms of survival outcomes, the overall survival time

and disease-free survival time in our study were worse than the
reported literature.[1,2] This may be related to the refusal of some
patients in our institution to receive adjuvant chemotherapy and
radiation, which can significantly improve the patients’ outcomes.
The patients with pancreatic head cancer arising from ventral
pancreas had a longer postoperative survival time and disease-free
survival time than the patients with tumors from dorsal pancreas.
The reason why the pancreatic head cancer arising from dorsal or
ventral pancreas has different prognosis remains unclear, this
result may come from the different lymph node metastasis and
different local invasion. The CHA and hepatoduodenal ligament
lymph nodes are the second station of LNs metastasis, while the
SMA region lymph nodes are the first station of LNs metastasis,
and the tumors arising from dorsal pancreas are easier to
metastasize to more distant lymph nodes.[22] Besides, the tumors
arising from dorsal pancreas were more likely to invade the
common bile duct and duodenum, which may result in tumor cells
remaining in the incisal margin more easier during the operation.
The present study has the weakness whether the primary tumor

location was exactly classified on CT imaging, and some patients
are excluded because they cannot be grouped. Since this study is a
retrospective study, it is not possible to obtain information on
specific areas of neural invasion, so it is difficult to compare the
differences in specific areas of neural invasion between the 2
groups of patients. Therefore, we are planning to conduct a
prospective study, in which we will increase the number of
patients included, and detect the neurological invasion in each
area of each enrolled patient, to compare whether there is any
difference in the neurological invasion in the 2 groups of patients
and verify the existing conclusions.

5. Conclusion

The lymph node metastases are more likely to occur in areas
along the CHA and hepatoduodenal ligament when tumors
arising from dorsal pancreas, and the lymph node metastases are
more likely to occur in areas along SMA when tumors arising
from ventral pancreas. The pancreatic head cancer arising from
dorsal pancreas is more likely to invade the common bile duct and
the duodenum.
The patients with pancreatic head cancer arising from ventral

pancreas had a longer postoperative survival time and disease-free
survival time than the patients with tumors from dorsal pancreas.
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